Objective To analyze whether sufficient energy intake (EI) improves performance of activities of daily living (ADL) in patients with hip fracture admitted to rehabilitation hospitals. The adequate amount of EI for improving performance of ADL in patients with hip fracture remains unknown. Methods This retrospective cohort study included all patients with hip fracture (n=234) admitted to rehabilitation hospitals in Japan. The inclusion criteria for this study were age >65 years and body mass index <30.0 kg/m 2 . Patients who were transferred to an acute hospital and those with missing case data were excluded. According to the amount of EI, the patients were classified into energy sufficiency and shortage groups (EI/total energy expenditure ≥1.0 and <1.0, respectively). The Functional Independence Measure (FIM) and FIM gain were used to evaluate the patient disability level and change in patient status in response to rehabilitation. Finally, FIM gain was calculated as the discharge FIM score minus the admission FIM score. Results The final analysis targeted 202 patients-53 (26.2%) were in the energy shortage group and 149 (73.8%) were in the energy sufficiency group. The energy sufficiency group had a greater FIM gain than the energy shortage group (mean, 25.1±14.2 vs. 19.7±16.4; p=0.024). Furthermore, sufficient EI in the first week since admission (β=0.165; 95% confidence interval, 0.392-5.230; p=0.023) was an independent factor of FIM gain. Conclusion Among elderly patients with hip fracture admitted to rehabilitation hospitals in Japan, the amount of EI during the first week after admission was an independent factor of FIM gain.
INTRODUCTION
Fundamentally speaking, malnutrition in patients with a hip fracture is a major problem that traditionally leads to poor patient outcomes. In a recent systematic literature review [1] , the prevalence of malnutrition in patients with hip fracture was reported as 18.7% when assessed using the Mini Nutritional Assessment (MNA) test. Also, when accounting for body mass index (BMI) and weight loss, the percentage of malnutrition was noted at 45.7% in those patients reviewed. For this reason, malnutrition leads to many problems for the patient, including postoperative complications [2, 3] , poor functional improvement [4, 5] , longer hospital stays [2] , high readmission rate [2] , and the incidence of a high mortality rate [2, 6] . Recently, it has been suggested that improving the nutritional status of this patient population can independently and significantly improve their physical function [7] . This is an important revelation, considering that 18.7%-45.7% of patients with fractured hip suffer from malnutrition, improving the nutritional status of these individuals will greatly improve their overall health and well-being.
Previous reports from rehabilitation hospitals in Japan suggest that in patients with hip fracture, the incidence of an improvement of the status of malnutrition in the patient is an independent factor that leads to an improved ability to perform activities of daily living (ADL). However, it remains unknown whether this effect also applies to elderly patients who have an experience with hip fracture at rehabilitation hospitals. The study of Goisser et al. [4] reported that dietary intake during the 4 days following the operation affected the improvement of ADL at 6 months after the surgery. Furthermore, Inoue et al. [5] reported that when evaluating the improvement of ADL according to the efficiency of motor Functional Independence Measure (FIM) gain, energy intakes (EIs) during the first week postoperatively were an independent factor that impacted the patient's health. It is noted that the rehabilitation hospital in Japan performs intensive rehabilitation after acute treatment and rehabilitation is provided for 2-3 hours daily [8] . It is noted that at rehabilitation hospitals, the activity of patients with hip fracture is higher when compared to the acute treatment ward. Therefore, the measured energy consumption of patients with hip fracture is higher, and has a greater caloric requirement than those in the acute phase. Nii et al. [9] reported that higher EI significantly improved the ADL in patients with stroke in rehabilitation hospitals. However, the evaluated adequate amount of EI for improving their ADL in patients with hip fracture remains unknown.
We aimed to retrospectively analyze whether sufficient EI improves ADL in patients with hip fracture in rehabilitation hospitals.
MATERIALS AND METHODS

Study design
This retrospective cohort study utilized the Japanese Rehabilitation Nutrition Database (JRND). In effect, the JRND is a large-scale database open for clinical research on rehabilitated nutrition [10] . The participants of the present study were all hip fracture patients admitted to the rehabilitation hospital in Japan who are registered in JRND. As a note, a rehabilitation hospital is a hospital where patients undertake rehabilitation for approximately 1-3 hours every day for a period ranging from 1 to 4 months, with the purpose of improving their functional capacity and returning home. The inclusion criteria in this study were age over 65 years old and a BMI less than 30.0 kg/m 2 . We excluded the subjects who were transferred to an acute hospital and those with any missing case data. In this case, all subjects were followed up on until they were discharged. Informed consent was waived because of the anonymous nature of the data. The present study was approved by the Ethics Committee at the Jikei University School of Medicine ).
The patient basic information, such as the age, sex, BMI, type of fracture, and surgical procedure was obtained from the database. The type of fracture was also therefore classified into femoral neck and trochanteric. The surgical procedures were classified into osteosynthesis, femoral head replacement, and other orthopedic surgery. Chiefly, the Charlson Comorbidity Index (CCI) [11] and certification for public long-term care insurance (LTCI) before hip fracture were used for analysis. Furthermore, intervals between the onset and admission, FIM score at both admission and discharge point, and the average amount of rehabilitation per day were obtained. Additionally, the Mini Nutritional Assessment (MNA) Short-Form [12] , total energy expenditure (TEE), and EI on admission were acquired.
The LTCI is a public social security service in Japan, and www.e-arm.org all users are certificated into seven levels of care after a dedicated assessment.
EI and energy sufficiency
In this study, the EI was calculated by averaging the energy provided from oral, intravenous, and enteral nutrition for 7 days after admission. Additionally, the oral EI was evaluated by a nurse or registered dietitian at each ward. Whereas an evaluation of the amount of dietary intake and the method used to calculate EI were not standardized, the visual assessment method is common in Japan, and nurses or registered nutritionists routinely evaluate the proportion of meals after each meal. These professionals also routinely calculate EIs from the leftovers and the amount of energy offered. Hence, the EI was calculated three times a day. Notably, the EI by intravenous and enteral nutrition used as per the doctor's directions was also recorded.
In this case, each patient's basal energy expenditure (BEE) was calculated using the Harris-Benedict formula [13] . In the calculation, we used the ideal body weight for patients. Going further, we estimated the TEE by multiplying BEE with a stress factor of 1.1 and an activity factor of 1.2. Incidentally, the setting of these TEEs was selected according to suggestions made by Inoue et al. [5] . The subjects were classified into an energy sufficiency group and an energy shortage group based on the amount of EI. Here, we defined the 'energy sufficiency group' with an EI/TEE of ≥1.0 and 'energy shortage group' <1.0.
Outcome measurement
In this analysis, we used FIM to evaluate patient disability level as well as a change in patient status in response to rehabilitation. FIM is composed of 13 motor scales and 5 cognitive scales [14] . This system works and sorts the functional status of a person based on the level of assistance from 1 (total assistance) to 7 (complete independence). Accordingly, the total FIM scores ranged from 18 to 126. FIM gain was calculated as the patient's discharge FIM score minus the admission FIM score. In this case, the FIM gain shows improvement in ADL during hospitalization. To some degree with a larger score, we can determine that the progression of ADL has largely improved.
Statistical analysis
In this study, all statistical analyzes were performed using IBM SPSS version 23.0 for Windows (IBM Corporation, Armonk, NY, USA). Notably, the continuous data are presented as mean±standard deviation and nonparametric data as the median (interquartile range [IQR] 25-75 percentile). In this context, the differences were analyzed using the Student t-test and Mann-Whitney U-test after confirming the normal distribution. The categorical data were expressed as incidences and percentages, with comparisons carried out using the chi-square test. The correlation analyses were carried out using Spearman rank correlation coefficients for age, CCI, number of days between onset and admission, a period of rehabilitation (min/day), FIM score at admission, and FIM gain. Also, the explanatory variable used in the multiple regression analysis was selected with reference to that reported previously [5, 7] . In this case, the selected factors were based on the following eight items: age, sex, CCI, number of days from onset to the admission, the presence of surgical procedure, period of rehabilitation, FIM score at admission, and presence of certification for LTCI before hip fracture. Namely, the multicollinearity was assessed using the variance inflation factor (VIF) coefficient. Additionally, the multicollinearity was judged when the VIF was ≥2. Throughout, p-values of <0.05 were considered statistically significant.
RESULTS
In this case, there were 234 patients with hip fracture were registered with the database from November 2015 to March 2018. Notably, there were 226 patients who were included in the final analysis. Thus, out of 24 patients, 7 transferred to the acute hospital, while 17 with insufficient data were excluded. The final analysis targeted 202 patients.
To begin with, Table 1 shows the baseline characteristics of the study participants. Accordingly, of the 202 patients, 43 were males and 159 females. The mean age was 84.9±7.4 years. In this study, there were 108 patients with femoral neck fracture (53.5%) and 94 patients with trochanteric fracture (46.5%). The surgical procedure with 111 patients (55.0%) included osteosynthesis, and 74 patients (36.6%) underwent femoral head replacement. Ultimately, the median number of days (IQR 25-75
www.e-arm.org percentile) from the onset of an injury to entering a rehabilitation hospital was 22 (18.0-30.0). Chiefly, 53 patients (26.2%) were in the energy shortage group, and 149 (73.8%) were in the energy sufficiency group. In comparison to the energy shortage group, the sufficiency group was significantly older (p=0.001) but also had a higher FIM score at discharge (p=0.014), and EI (p<0.001). For this reason, the TEE was significantly higher in the shortage group (p<0.001).
Next, Table 2 shows the results of the univariate analysis for FIM gain. Hence, as compared to the energy sufficiency group, the shortage group (p=0.024) were more impaired in FIM gain.
In short, Table 3 shows correlation analysis results of age, CCI, number of days from onset to admission, period of rehabilitation (min/day), FIM score at admission, and FIM gain. There was a significant correlation between FIM gain and FIM score at admission (ρ=−0.185, p<0.001).
Finally, Table 4 shows the results of multiple regression analysis for the FIM gain. Collinearity was not observed in all items in the multiploidization test using VIF. As a result, the energy sufficiency group in the first week since admission (β=0.165; 95% confidence interval [CI], 0.392 to 5.230; p=0.023) and the FIM score at admission (β=−0.304; 95% CI, −0.279 to −0.080; p=0.001) were inde- 
DISCUSSION
It is important to realize that the primary original finding of this investigation was two-fold. First, in elderly patients with hip fracture in rehabilitation hospitals, the amount of EI during the first week after admission was revealed to be an independent factor for FIM gain. Secondly, 26.2% of these patients were found to be caloric deficient.
The most notable finding of this investigation was that the amount of EI during the first week after admission was an independent factor for FIM gain. The study of Inoue et al. [5] reported that EIs during the first week after the operation was an independent factor for improving motor FIM gain efficiency. Furthermore, Goisser et al. [4] reported that the number of dietary intakes during 4 days after operation affected the improvement of ADL at 6 months after surgery. Although the study design used herein is quite different from previous reports, the results are similar in spite of where the amount of EI affected the improvement of ADL. Then again, there were several investigations that have also reported that concomitant use of dietary supplements in addition to a healthy diet improves muscle mass, grip strength, and ADL [15] [16] [17] . In a review of the previous studies, it has been recognized that the muscular strength (grip strength) is strong when the intake energy is high [18, 19] . Furthermore, an RCT at the rehabilitation hospitals showed that increased EI with oral nutritional supplements ingestion improved the patient grip strength [17, 20] . Therefore, we did not measure muscle strength to investigate the relation between EI satisfaction and grip strength in our study. Also, it is significant to note that the shortage of EI caused a poor improvement in nutritional status, which resulted in an insufficient ADL improvement. Based on the results of the present study, to improve ADL in patients with hip fracture, it is essential for the medical staff to evaluate whether the EI of the patient is adequate. Nonetheless, while the optimal amount of EI remains unknown, the amount of daily activity and patient's condition will affect their EI, even if we assume IE/TEE >1.0 as a standard figure.
Equally important, it is also worth mentioning that 26.2% of the elderly patients with hip fracture in reha- www.e-arm.org bilitation hospitals were in the energy shortage state, as compared to 82.5% in the acute phase hospital during the first week after the operation, with an average EI amount of 933.0 kcal (quartile 806.9-1,120.1) [5] . Also, for one thing 71.5% of the patients took less than 50% of their offered meal during the 4 days after the operation [4] . Furthermore, in patients in rehabilitation for cerebrovascular disorders, the average EI amount during 3 days after admission was 33.2 kcal/kg/day (quartile 29.2-39.75) [9] . Even though the fraction or percentage of the EI shortage in our study was 26.2%, it is less than that reported in acute phase hospitals. However, the EI amount of 29.9±7.7 kcal/kg/day was less than that of patients with cerebrovascular disease disorders. Whereas in the present investigation, the cause of short EI remains unknown. While in previous studies, factors of the EI shortage of hip fracture patients include changes in sensory organs, loss of a tooth, lack of primary caregivers, and in some cases, adverse effects of certain drugs [1] . These factors may have also contributed to the lower dietary intake observed in the present investigation. Despite the notation that as 1 in 4 elderly patients with hip fracture in rehabilitation hospitals may have fallen into energy shortage, it is vital to evaluate EI during the first week since admission and provide nutritional support to promote the best patient outcomes in this case.
In particular, sufficient EI and appropriate rehabilitation are essential for ADL improvement in patients with hip fracture in rehabilitation hospitals. In these cases, the combination of rehabilitation and nutrition care is called rehabilitation nutrition. In this concept, both rehabilitation and nutrition management is performed together with the International Classification Guidelines on Dysfunction and Health (ICF) to evaluate the subject's nutritional status and maximize the function of the elderly and disabled [21] [22] [23] . Moreover, as nutritional evaluation, intervention, and rehabilitation are performed concurrently; it has been surmised that rehabilitation nutrition is useful for ADL improvement in patients with hip fracture in rehabilitation hospitals.
With this in mind, we considered that the mean gain in FIM (FIM score at discharge − FIM score on admission) is greatest in patients with moderate assistance, whereas patients with low FIM scores on admission show little improvement. Because of its ceiling effects, those with high FIM scores on admission, who require minimal assistance, will subsequently have little gain in FIM [24] .
Notwithstanding, there are several limitations to the present research. First, the energy ingestion methods (oral, intravenous, tube proportion) used in the included subjects were noted as unknown. Second, EI was evaluated only during the first week after the admission of the patient. In addition, the hospitalization period at the rehabilitation hospitals tends to become longer than that observed in the experience of using acute phase care facilities. Third, we did not measure the patient muscular strength in the present study. Therefore, it may be necessary to consider the length and stage of the investigation when determining results of the data.
Nevertheless, in this investigation, the EI of elderly patients with hip fracture in rehabilitation hospitals was an independent factor for FIM gain, and 26.2% of them were considered to be in an EI shortage state. Even so the present study showed that ADL could be improved more www.e-arm.org effectively by improving the nutritional status of the patients (IE/TEE >1.0).
